In order to study further the genetic structure of the pearl oyster Pinctada margaritifera in French Polynesia with a special consideration for the sampling scale, we analyzed or re-analyzed sets of data based on nuclear DNA markers obtained at different spatial scales. At a large scale (several 1,000 km), the remote Marquesas Islands were confirmed to be significantly differentiated from Tuamotu-Gambier and Society archipelagos, with a marked difference however for the two main islands that are different from each other. At a medium scale (several 10 to several 100 km), overall homogeneity was observed within and between these two archipelagos, with some exceptions. This could be attributed both to large-scale larval dispersal and to human-driven spat translocations due to pearl oyster cultivation. These results contrast with those observed (1) at a small scale (less than 10 km) in a lagoon heavily impacted by translocation and cultural practices, where significant genetic differentiation was detected among three laying beds, and (2) at a micro scale where we detected an important variability of the genetic composition of young spat recruited on artificial collectors. Such patterns could result from a high variance in the number of genitors at the origin of each cohort, or from pre-or post-settlement selection on linked loci. Altogether, our data support the hypothesis that under certain conditions populations of bivalves may exhibit patterns of chaotic genetic patchiness at local scale, in line with the increasing report of such patchiness in marine benthic organisms. This underlines the importance of sampling scale that should be rigorously defined depending on the questions to be answered. Nevertheless, a survey of about 80 articles dealing with population genetics of marine invertebrates showed that only 35% of those studies disclosed details about the sampling strategy (particularly the area explored). These results emphasize the need for cautious interpretation of patterns of genetic structure at medium scale when rigorous sampling strategies are not deployed.
Introduction 53
Genetic homogeneity over large geographic scales has been long expected, and 54 sometimes observed, due to adult or larval mobility and to the absence of physical barriers 55 to dispersal (Vermeij 1987) . A large number of marine invertebrates exhibit large 56 population sizes, external fertilization, high fecundity, an extensive pelagic larval phase, 57 and a benthic adult stage. These characteristics lead us to an expectation of Hardy-58
Weinberg equilibrium as well as low genetic divergence, due to extensive gene flow 59 during the larval stage, whereas the low mobility at the adult stage may favor local 60 Table 1 ), representing different levels of spat density (high 164 density and homogeneous distribution of spat on the station and collectors, mid-density and 165 relative homogeneity, very low density and heterogeneity). 166 9 A piece of adductor muscle or gill (Raroïa) was removed from each specimen and 167 preserved in 80% ethanol. The procedure of DNA extraction, precipitation and storage 168 were similar to those described in Sambrook et Where k is the number of alleles and x i and y i the allelic frequencies of the i th of k alleles. A 210 mean F k across loci was weighted by the number of alleles at each locus, and N e was 211 estimated using the formula: 212
Material and Methods
where t is the number of generations (we assumed one generation separated the spat from the 215 putative pool of genitors), n o the sample size at the generation 0 and n t the sample size at the 216 generation t. The confidence interval at 95% is estimated as: 217
The estimation was made using the software NeEstimator (Peel et al. 2004 ) with all putative 219 genetic pools of genitors: each of the three wild samples from Takapoto, the synthetic 220 population obtained while pooling these three samples, and the synthetic population obtained 221 while pooling the four samples from Tuamotu (Arutua, Apataki, Manihi and Takaroa). (Table 1) . 251
Significant heterozygote deficiency values were observed in four of the six 252 collector samples, and in five of the eighteen samples from natural laying beds (Table 1) . 253
Linkage disequilibrium was observed to be significant between pinucl3 and pinaldo 254 in one sample from natural population: Takapoto 3. All the remaining significant values 255 concerned samples from spat collectors, and locus pinucl2: with pinucl3 for collector 3 256 and 4, with pinaldo for collectors 2 and 3, and with pinU4 for collectors 5 and 6. 257 
Variance in allelic frequencies and estimation of the effective number of genitors. 290
The effective number of genitors estimated for each collector was low in any case, 291 being estimated by considering as a putative mother population either : i) each of the three 292 samples from Takapoto (from 3 to 93, except for one case with collector 2, for which no 293 upper limit could be estimated if Takapoto 2 would be the origin of recruits), ii) the pool of 294 those three samples (5 to 136), or iii) the pool of all other natural laying beds sampled in 295
Tuamotu archipelago. However, significantly more important values can be observed 296 while considering this last case (from 22 to  ). 297 298
Results of the literature survey 299
Results of the literature survey are summarized in Figure 3 . Among 66 articles 300 screened about 65% did not report any indication as to the sampling area explored or 301 distance among samples; among these none gave any indication of the strategy for 302 choosing individuals (according some particular criteria like size for example), and only 8 303 of those 65% acknowledged a random or haphazard strategy for picking samples. Now, 304 35% of studies screened gave indication as to the area encompassed by sampling, or the 305 distance among collected samples, and 90% of those documented studies also reported the 306 strategy for picking up samples (17% reported an exhaustive collection, 65% a random 307 choice and 9% other kind of strategy such as sampling along a transect or in a grid). Hereheretue (Southern Tuamotu-Gambier). Given the scale of sampling for those 345 populations (see Table 1 ), we are confident the samples are likely to be representative of 346 the populations inhabiting those islands, and structure observed reflects restriction to gene 347 flow rather than genetic patchiness. 348
It is striking that at the smaller scale, of less than 300 km (Table 4) , much more 349 differentiation (20% of the sample pairs) is observed than at medium scale (Table 2; Appendix : list of articles screened for sampling strategy
